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BOTANY

A STUDY OF ANNUAL ACCUMULATION OF
ORGANIC MATTER IN A FIVE-YEAR OLD
LARIX LARICINA
VINCENT

A.

HEIG

University of Minnesota. St. Paul

At the onset of this study little work had been done on growth in
a tree using the entire tree as a unit in comparison with the number
of studies concerned with the variations in ring widths or in stem
lengths. Some studies in England have determined the amount of annual growth or the dry weight addition in trees which were growing
in uniform stands. At the end of each growing season a few trees were
harvested and dried. The average weight of the trees harvested in one
year were compared with the average weight of the trees harvested
during the preceding year. The difference between the two average
tree weights represents the average amount of growth of the trees in
this stand for one year. This method of determining the growth increment is useful for trees growing in a plantation situation where the
growing conditions are similar and where the trees can be harvested
each year (Ovington, 1957).
Another method for comparing the annual growth increment for
trees which are not found in harvesting plots would be especially useful
for determining the relative rates of growth in trees from numerous
locations. This method has utility if it permitted the determination of all
the data from one tree rather than comparing many trees cut in succeeding years.
The purpose of this study is to evaluate a method of calculating the
annual accumulation of xylem in shoot system of a tree. Larix laricina
was ideally suited for this study because of several structural traits.
Its terminal bud scale scars or girdles remain visible up to approximately eight years after their formation and make it possible to
differentiate between each year's addition in stem length. It has one
dominant leader bud which forms a straight main axis facilitating the
differentiation between axial and secondary branch growth. Larix
laricina also has growth rings which can be easily identified when
cross sections of the stem are made. These growth rings may be
formed in an eccentric manner around the pith, but the eccentricity
is quite uniform for the entire branch. The assumption was made for
1 Technical advice on this paper was given by Prof. D. B. Lawrence, Department of
Botany, University of Minnesota and is acknowledged with thanks.
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this study that the annual growth layers represent numerous inverted
hollow cones placed one upon another to form a complex laminated
solid cone.
The method of determining the growth increment in the Larix laricina was concerned with the dry weight distribution of the xylem in
the shoot system. Since the actual separating and weighing of each
growth layer in stems which contained several years' growth would
be very tedious and really impossible to accomplish, another method
of distinguishing the xylem weight distribution was devised. This
method was based on the determination of the yearly volume distribution of the xylem and then converting this volume distribution into
the dry weight distribution of the xylem.
The study was performed in the following manner. In mid-April
of 1958 a five-year old Larix laricina was transferred from a bog
located near Cedar Creek to a refrigerator. The entire tree was sectioned into numerous segments, each segment extended from one ring
of bud scale scars to the next ring of scars. The phloem and cork
layers were easily removed from the wood due to the cambium just
becoming active and causing a lack of adhesion between the phloem
and xylem.
These segments of xylem represented the length of a branch acquired during one growing season. For instance, the basal segment
of a branch cut directly from the four-year-old portion of the main
axis had three growth layers. The segment farther out on that same
branch had two growth layers represented. The terminal segment had
only one growth layer which represented the growth in the length
of the stem during the previous summer. The dividing point between
the stem and the root was located by first approximating the location
of the lowest lateral branch. Cross sections were then made in this
area and studied anatomically to locate the transitional point using
the presence or absence of pith as an index.
In order to determine the amount of xylem produced each year
during the growth of the tree, the volume of various growth layers
was calculated by area and length measurements. Thin cross sections
of the stem were used for determining the size of the annual rings
represented in the segments. Cross sections about 30 to 40 microns in
thickness were made with a sliding microtome from each end of the
segment. In order to reduce dehydration the tree had been stored in a
plastic bag and placed in a refrigerator from the time of collecting
to the time of sectioning. The stem was sectioned without any infiltration of embedding materials. The microtome sections were submerged under water and placed on a glass slide for microscopic
examination and measurement with an ocular micrometer. The average top and basal radii for each growth ring of each stem segment
were recorded.
After the length of each segment had been recorded and the bark
and buds removed, the segments were dried. After removal from the
drying oven the dry weight was determined to the nearest milligram
and recorded for each segment.
186
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The volume distribution was calculated with the volume formula
3
for a truncated cone, V=pi
h [(r1) 2 +r1r2+(r2)2], where r 1 rep1engt
resented the average top radius of a specific growth layer of truncated
cone and r 2 represented the averf!ge basal radius of the same growth
layer or truncated cone. The xylem in segments which contained
several growth layers was apportioned to the correct growth year
by first determining the volume of the xylem inside the largest growth
ring. Then the volume of the xylem inside the next smaller growth
ring was determined. The difference in the two volumes was interpreted as the volume of the outermost growth layer. This process
of determining growth layer volumes was continued until the volume •
of all the xylem in the segment had been apportioned to a specific
year's growth. The volume percentage for each year's growth of the
total xylem in the segment was then calculated. These volume percentages were translated into weight proportions of the total dry
weight of the segment. For example, if a growth layer represented
40 % of the total volume in the segment, then the growth layer was
attributed 40 % of the total dry weight of the segment.
To find the xylem dry weights for each year for the entire shoot
system, the amount for each year's growth was totaled. The terminal
twigs representing only 1957 growth were simply dried and weighed;
no volume determinations were needed for these segments.
Results. The findings of the xylem distribution in the tree appear in
Table 1. The dry weight of the xylem in the entire shoot system
amounted to 3,095.5 milligrams. Of the total xylem in the shoot system
0.1 % was produced during 1953, 0.4% during 1954, 2.1 % during
1. Determinations for the dry weight of the xylem in the shoot system
of Larix laricina. The yearly figures for the weight in lateral branches comprised of xylem from 1, 2, 3, or 4 years growth are listed separately. The
total amounts of xylem added each year of the tree's life are listed at the
bottom of the table.

TABLE

Portion of
Shoot System

1953

1954

1955

1956

1957

Totals:

3.1mg
11.6mg.
74.9mg. 559.5mg. 1652.9mg. 2302mg.
Axial
Lateral branches
Individual segments
with:
1957 only
266.0mg.
1957, 1956
232.2mg. 176.6mg.
1957, 1956, 1955
10.7mg. 35.4mg. 43.8mg.
1957, 1956, 1955, 1954
1.3mg.
2.4mg. 11.5mg. 13.7mg.
1.3mg. 13.1mg. 279.1mg. 500.1mg.
Segment T.otals:
Axial and lateral
combined: 3.1mg.
Percentages of
total 3095.5mg.
weight:

0.1 %

12.9mg.

88.0mg.

0.4%

2.1%

888.6mg.

2153mg.

28.2%

68.4%

3145.5mg.
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Figure 1. Annual weight, volume, and length distribution of xylem determined
from a shoot system of a five year old Larix laricina plant.
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1955, 28.2% during 1956, and 68.4% during 1957. The accumulative
addition of the xylem is recorded in Table 2. This information represents the growth rate of the young Larix laricina based on the dry
weight of the xylem in the shoot system. The amount of growth
was relatively small for the first two years and then rapidly increased
during the third, fourth, and fifth years of growth.
TABLE

2. Accumulative amount of xylem at the end of each growing year for
the five-year old Larix laricina.
1953

Weight of xylem
at end of year:
Percentage of
total weight:

3.1mg.
.01%

1954
16.0mg.
0.5%

Growth year
1955
1956
104.0mg.

992.6mg.

3.3%

31.6%

1957
3145.6mg.
100%

Related to this observation is the difference in addition of xylem
by axial weight compared to axial length. In only using the axial
length curve the growth of the tree seemed to slacken during 1957.
But this situation is corrected when the entire xylem for both axis
and secondary branches is used as the reference for growth. (See Fig 1.)
Of the total xylem in the shoot system approximately 75% was
located in the main axis of the tree and 25 % was located in the
lateral branches. The shoot system without leaves weighted 8,566
milligrams, 3,145 milligrams of xylem and 5,421 milligrams of bark.
The root system collected with the plant weighed 5,800 milligrams,
but this figure is not an accurate amount because some of the roots
remained in the frozen substrate when the plant was collected in
the spring. The dry weight of the entire tree was approximately
14,366 milligrams.
In conclusion a criticism of this method shows it has the advantage
of finding the relative distribution of the xylem without having to
mechanically separate the various growth layers. The basic point in
disfavor of the method at the present time is the amount of error
in the determination of the volume of the xylem, more specifically
with the lack of account given to the presence of pith inside the inner
growth layer. The author believes the method used in this study
was adequate for a general comparison of the annual increments of
xylem in Larix laricina.
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